HIGHLIGHTS
These studies demonstrate that significant cTnI release can occur after a brief duration of ischemia that could be compatible with angina.
In the absence of an acute coronary syndrome or a prolonged myocardial supply/demand imbalance, it may be more appropriate to ascribe significant cTnI elevations after brief ischemia to myocardial injury rather than infarction.
SUMMARY
In a porcine model of brief ischemia leading to reversible stunning in the absence of tissue necrosis, we demonstrated delayed release of cardiac troponin I (cTnI) that exceeded the 99th percentile for normal animals 60 min after reperfusion and rose to readily detectable levels 24 h later. Although tissue analysis at 60 min showed no evidence of infarction, TUNEL staining demonstrated isolated myocytes undergoing apoptosis, which was absent after 24 h. These results demonstrate that cTnI elevations occur after ischemia of a duration that is insufficient to produce myocyte necrosis and reflect myocyte injury associated with apoptosis in the absence of pathological evidence of infarction. (2) . Two examples include transient myocardial ischemia associated with physiological stress (3) (4) (5) and prolonged exercise in apparently healthy marathon runners (6) . Because sarcolemmal membrane integrity remains intact for up to 15 min of no-flow ischemia (7, 8) and pathological evidence of infarction is absent (9), the cardiac troponin I (cTnI) release in these circumstances suggests that cTn release may not always be indicative of myocyte necrosis.
Some have hypothesized that elevations in serum cTn in circumstances not associated with a myocardial infarction could reflect the rapid release of an exchangeable pool of unbound cytosolic cTn due to sublethal changes in cell membrane permeability or vesicular release from myocytes (6, (10) (11) (12) . In these scenarios, serum cTn concentrations would be expected to rise and fall towards baseline fairly quickly (i.e., within 24 h) (12, 13) , in contrast to the prolonged elevation seen in reperfused myocardial infarction (14) . Alternatively, ischemia-induced cTn release in the absence of necrosis could reflect mechanisms of irreversible myocyte injury such as cardiomyocyte apoptosis that are not detectable with routine light microscopy. Although apoptosis has not been evaluated after brief ischemia, we have previously demonstrated that it is increased in hibernating myocardium subjected to chronic repetitive ischemia, which can lead to substantial regional myocyte loss in the absence of infarction (15) . Apoptosis has also been implicated as a significant source of myocyte loss during myocardial infarction (16) and leads to myocyte death in normally perfused remote regions of the heart during post-infarction left ventricular remodeling (17) .
With this background, we determined whether a single brief episode of myocardial ischemia having a time course consistent with angina (e.g., from coronary vasospasm) could produce measurable elevations in serum cardiac troponin I (cTnI). We employed a 10-min period of supply-induced ischemia followed by reperfusion for up to 24 h in swine. Serial coronary venous blood sampling from the anterior interventricular vein (AIV) was employed to assess early transcoronary cTnI release to determine whether myocardial release kinetics were consistent with the proposed rapid release from an exchangeable Weil et al. Kingdom) were assessed as previously described (18) .
EXPERIMENTAL PROTOCOL. The timeline of the experimental protocol is summarized in Figure 1A (19) . In the other series of experiments (n ¼ 5), blood sampling, hemodynamics, and echocardiography were repeated 30 min, 1 h, 2 h, and 3 h after reperfusion. We removed the catheters, and the pigs were brought back to the animal facility. Animals returned 24 h later when they were reanesthetized for blood sampling, assessment of hemodynamic and echocardiographic parameters, and excision of the heart for pathology and TTC analysis. ing in these samples.
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RESULTS
Serial measurements of selected hemodynamic and echocardiographic parameters before, during, and after the 10-min LAD occlusion are shown in Table 1 .
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Troponin I and Reversible Ischemia We examined the dynamics of cTnI release after brief ischemia in normal juvenile swine using a well characterized brief coronary occlusion model to produce ischemia in the absence of necrosis or infarction (9) . In order to detect low levels of cTnI release at the earliest time point, we employed regional coronary Figure 1 .
Weil et al. be more appropriate to ascribe these cTnI elevations as due to "myocardial injury" rather than infarction.
